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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Basil LUI 

Application No,: New US National Stage of PCT/GBOO/02321 

Filed: February 9, 2001 Docket No.: 108572 

For: SEMICONDUCTOR DEVICE SIMULATION METHOD AND SIMULATOR 

PRELIMINARY AMENDMENT 

Director of the U,S, Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please replace claims 4 and 8 as follows: 

4. (Amended) A simulator as claimed in claim 1 which determines the leakage 

current in a polysilicon Thin Film Transistor. 
8. (Amended) A simulator as claimed in claim 5 which determines the leakage 

current in a polysilicon Thin Film Transistor. 
Please add new claims 9-12 as follows: 

—9. A simulator as claimed in claim 2 which determines the leakage current in a 
polysilicon Thin Film Transistor,— 

—10. A simulator as claimed in claim 3 which determines the leakage current in a 
polysilicon Thin Film Transistor.— 



Application No. New US Patent Application 



— 1 1 , A simulator as claimed in claim 6 which determines the leakage current in a 



polysilicon Thin Film Transistor.-- 



—12. A simulator as claimed in claim 7 which determines the leakage current in a 



polysilicon Thin Film Transistor.— 



REMARKS 



Claims 1-12 are pending. Claims 4 and 8 have been amended to ehminate multiple 
dependencies and claims 9-12 have been added to compensate for the subject matter deleted 
from claims 4 and 8. Prompt and favorable consideration on the merits is respectfully 
requested. 

The attached Appendix includes marked-up copies of each rewritten claim (37 C.F.R. 



1.121(c)(ii)). 



Respectfully submitted, 




Joel S. Armstrong 
Registration No. 36,430 



JAO:JSA/zmc 



Date: February 9, 2001 



OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 



DEPOSIT ACCOUNT USE 
AUTHORIZATION 



Please grant any extension 

necessary for entry; 
Charge any fee due to our 
Deposit Account No. 15-0461 



APPENDIX 

Changes to Claims: 

The following are marked-up versions of the amended claims: 

4. (Amended) A simulator as claimed in any on o of claims l4e^ which determines the 

leakage current in a polysihcon Thin Film Transistor. 
8. (Amended) A simulator as claimed in any ono of claims 54e^ which determines the 

leakage current in a polysihcon Thin Film Transistor. 
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Senaconductor Device Smmlatioii Method and Si mulator 



The present invention relates to an autonmted sinmladcm method for 
determining the enhanced generatian-recombination rate dne to trap-to-band 
tunnelling in a semiconductor device using the Dirac coulombic tunnelling integral 
and to a sinmlator for carxying out the method. 

The enhanced generation-recombination rate due to trap-to-band tunnelling in 
a semiconductor device is considered to be responsible for a number of important 
effects in semiconductor devices, including the anomalous leakage current m 
polysilicon Thin Fihn Transistors (TFTs), Polysilicon TFTs are widely used for 
exan^Ie in active matrix display devices. The anomalous leal^gc current of the 
TFTs can severely degrade the pixel voltage m such display devices- Thus, this is 
one exan^le of the commercial importance of an automated simulation method and 
simulator of the type provided by the present invention. 

Having regard to the complexity and cost of the fabrication processes for 
manuiacturing semiconductor devices, it is Mgbly desirable if not essential for the 
design and performance evaluation of sudi devices to be undertaken using 
mathematical simulations, often referred to as modelling. It is clearly mxcial for 
such modelling to be able to provide accurate calculation of the enhanced 
generationrrecombination rate due to trap-to-band tunnellmg, and hence the leakage 
current, within a semiconductor device. Consequemly , considerable effort has 
previously been spent in devdoping methods of calculating the enhanced 
generatioa-recombinatiott rate due to trsp-to-band tunnelling in a semiconductor 
device. Such methods are embodied in conqmter programs which are sold as staple 
commercial products by or on behalf of their developers to designers and 
manufecturers of semiconductor devices. 

In a paper submitted in 1996 and published m 1997 (Solid State Electronics 
Vol.41, No.4, pp 575-583 1997) the inventors hereof presented a generation- 
recombination model for device simulation including tiie Foole-Frenkel effect and 
phonon-assisted tunnelling. The model is conveniently referred to as the Dirac 
Coulombic Tunnelling Integra, which is recited as equation 1 in figure 9 hereof. 



As noted in the above xne&tioned published paper, &e Dirac Coolombic 
Tuimelling Integral is applicable to seinicoiiductor devices generally. However, as 
also noted above, an in^ortant category of semiconductor devices is thin film 
transistors (TFTs) and such a device will herein after be used for ease of reference, 
but by way of one example only of a semiconductor device. Similarly > for ease of 
refermce, the leakage current in a TFT will be referred to herdn as a non-limiting 
example of the enhanced generationrrecombination rate due to trap-to-band 
tunnelling in a semiconductor device. 

Figure 1 hereof is a graph showing voltage cuirait characteristics of a 
polysilicon TFT. As seen in Fig. 1 when Vm is high (5.1V), the leakage current 
CIi>s) increases with decreasing (bdow OV). The magnitude of this leakage 
current poses as a significant problem^ for example, when the TFT is employed as a 
switching pbcel transistor hi active niatrixljCDs. Several field-assisted generation 
mechanisms have been proposed to explain this 'off current. 

A quantitative analysis of the leakage current in polysilicon TFTs based on 
the combination of current-voltage measurements as a function of temperature and 
2-D simulations was carried out as long ago as 1995. This analysis shovro that the 
domiiiant generation mechanism is pure trap-to-band tunnelling below 240K and 
phonon-assisted trap-to-band mnnelling at Mghct temperatures. The need to inchide 
Poole-Frenkel (PF) barrier lowering in tr^-to-band phonon-assdsted tmmelling was 
demonstrated for polysilicon pn junctions as long ago as 1982. Apart from further 
enhancing the emission rate Sar trap-to-band phonon-^sisted tunnelling, flie PF ' 
effect also plays a significant role in erihandng pure thermal emissions at low 
&lds. 

Hie PF effect consists of the lowering of a coulonibic potential barrier due 
to the electric field applied to a semiconductor. For a trap to ejqperiencc the effect, 
it must be neutral when filled (charged when empty). Such a trap potential is long 
ranged and is often referred to as a coulombic well. A trap that is neutral when 
en53ty will not experience the effect because of the absence of the coulomb 
potential. Such a trap potential is short ranged and is known as a Dirac well. 
Without the PF effect, the calculated emission rate is at least one order of 
magnitude lower than wM is needed to fit the experimental data in polysiUc^^ 



TFTs. By iisJag a 2-D simulator, based on the known trap-tp-band phononrassisted 
tmmelling model (Hnrkx et at) available since 1992, the inventors hereof were 
unable to simulate the leakage cuirents in polysilicon TFTs accurately. This is 
because fbe conventional model takes only into account Dirac wells and ddiberatdy 
neglects the PF effect, McH-eover, the nmy attenqjts at modelling of trap-to-band 
plionon-assisted tuimeiling inclusive of the PF efiect» wMch have been made since 
development of the original theory by Vincent etalm 1979, do not address a key 
problem: the in^^lementation in a device simulator. The work by Vincent etcdia 
1979 gives evidence both theoretically and experimentally that ibe electric field in a 
junction has a large influence on the thermal emission rate of deep levels (mid-gap 
states). This influence can be quantitatively escplained in a model of plionon- 
assisted tunnelling emission. Tunnelling is very sensitive to the barrier height and 
is Cberefbre expected to be comid^bly afiected by the PF barrier lowering. 

As noted above, in 1996 the present inventors presented a new quantum 
mechanical tunnelling generation-recombiQation (G-R) model, cortvenienfly referred 
to as the Dirac Coulombic Tunnelling Integral, which takes into fhU rigorous 
account fee PF barrier lowering and is suitable for inqjlcmentation in a device 
simulator. This G-R model is consistently formulated for the entire range of 
electric fields and temperatures. At Wghfidds, the dominant medhanism is found 
to be trap-to-band phonon-assisced t^innftTiing inclusive of the PF efBxt; while at 
low fields, the model will reduce to that of flie standard ShotSdey-Read-Hall (SBH) 
thermal G-R. 

Howevcr, a practical in^^lemeniation of the model into commercial device 
simulators has not until this inver^on been presented despite the length of time 
since presentation of the Dirac Coulombic Tunnellmg Integral and despite the high 
commerdal value of sudi a practical inq)lementation. 

According to a first aspect of the present invention there is provided an 
automated simulation method for determining enhanced generatjon recombination 
rate due to trap-to-band tunnelling in a semiconductor device using the Dirac 
coulombic tunnelling integral, coxaptising the steps of; 

assigning the variable C to the ratio of Ihe Poole-Fienkel barrier lowering 
energy (AE^ divided by the energy range for which tunnelling can occur (ABJ; 



assigning (he value (C+l)/2 to a variable v ajid performing a second order 
Taylor's series expansion of the Birac coulombic msnelling integral around v to 
detennine a Tnaxi'mnm value (ja^ lor fixe variable u of the integral; 

determining ifthevainc for Upj. is less ftanC, is between C and 1 oris 
more than 1; 

assigning the value of C to the variable v iSx^ is less than C; 

assigning the value of n^ to the variable v if Uj^^ is between C and 1 ; 

assigning the value of 1 to the variable v if n^iax ^ <^ U 

reducing the Taylor's series exjmision of the Dirac coulombic tunnelling 
mtegral to an error function; 

reducing iha error function to single exponential functions by applying 
rational approximations to the error function; and 

calculating the enhanced generation reconibination rate due to trap-to-band 
tunnelling in a semiconductor device using the said single exponendal functions. 

Accorduig to a second aspect of the present invention there is provided a 
simulator for determining enhanced gyration recombination rate due to trap-to- 
band tunnelling in a semiconductor device using the Dirac coulombic tunnelling 
integral, comprising: 

means storing a variable C having a value equal to the ratio of the Poole- 
FreiLkel barrier lowering energy {AE^ divided by the energy range for which 
tunnelUng can occtir (AEp); 

means which assign the value (C+l)/2 to a variable v andperfonn a secoisid 
order Taylor*s series e^jansion of flie Dhrac coulombic tonnelHng integral around v 
to determine a maximum vahie for the variable u of the integral; 

means which determine if the vahie for is less flian C, is between C and 
I or ismoredian 1; 

means which assign the value of C to the variable v if Up^j, is less than C; 

means which assign the vahie of Uaa^ to the variable v if is between C 

and 1; 

means which assign the value of 1 to the variable v if Up„ is more than 1; 



means storing ^mplc e^^xmezitial fbncdons derived from applying rational 
approximations to an error function obtained by reducing the Taylor's series 
e:q>ansion of tbe Dirac coulojnbic tunneUing izttegral; and 

means wbich c^culate the enhanced generation recoxntination rate 
due to trap-to-band tmmelling in a semiconductor device using the said simple 
exponential functions. 

Although possible in theory, even with the fastest computers available today » 
using numerical integration methods to solve the Dirac coulombic tunnelling 
integral for every trap level in every dement in a finite element package will take 
so much conq)utation time that such an approadi can not be used for a commercial 
mi practicable implementation. The present invention enables such a commercial 
and practicable implementation. Moreover^ the present invention can provide high 
levels of accuracy m the automated modelling of the enhanced generation- 
recombination rate due to trap-to-band tunnelling in a semiconductor device. 

Embodiments of the present invention will now be described in mate detail 
by way of exanqjle only and wlQi reference to the acconqmnying drawings, in 
which: 

Figure 1 is a graph iDusttating leakage current in a TFT; 

Figure 2 shows two graphs illustrating a low field condition; 

Figure 3 shows two graphs iUustratmg a moderate field condition; 

Figure 4 ^ows two graphs illustrating a high field condition; 

Figure 5 is a graph illustrating the performance of the present kivention; ' 

Rgure 6 is a graph illustrating the perftamance of the present taycnfiro; 

Figure 7 is a graph ilhistrating the performance of the pr^ent invention; 

Figure 8 is a graph illustratmg the performance of tijc present invention; and 

Figure 9 lists equations useful in eTcplaining embodiments of the present 

invention. 

Starting from the Dirac coulombic tunnelling iotegral, given as Eqn,(I) in 
figure 9, it is possible for the integral to be escpressed hi the form shown as 
Eqn.(2). Applying tiie sinqilification shown in Bqn.(3) lea^ Bcpx.(4} 
can be further simplified to give Eqn-(5). where the funcfionXu) is as defined in 
Eqn,(6). 



Most of the contribution to the expression of Eqa. (5) can be expected to 
adse from the condition when the function jfi[u) i$ largest. This conditian should be 
considered for the three cases wMdi have distiuct characteristics namely. Case 1 
when the electric field is low; Case 2 when flie electric field is moderate and Case 
3 whm then the electric field is high. These three distinct conditions are illustrated 
in figures 2, 3 and 4 respectively- 

Figure 2 is based on a low field value (F) of F = IxlOVnT^ for AE^ 
O^SeV, The maximum of fijx) occurs at C, giving the maximum contributioii to 
expff(u)] at C as well* 

Figure 3 is based on a moderate field value (F) of F 7xlOVm"^ for 
= 0.5eV- The maxiTnum of^u) occurs between C and 1, giving the maximum 
contribution to expff(u)] between C and 1 as well. 

Figure 4 is based on a high field value (F) of F « IxlO^^m'^ for AB^ = 
0-5eV. Theinaxiinnmof/(u)ocairsatl, giving the 332aximu^ 
e^j^faj/at 1 aswelL 

In a practical in^lein^tation it is convenient to consider Case That 
is to deteimnie the for maximumj^n) between C and L IfUaw is less than C, 
then the condition of Case lis met* If u^ is more than 1 then the condition of 
Case 3 is met. Using a Tsylor's series expandon,^u) can be approximated by a 
second-order series e;q)ansion around v, where v ^ (C+ 1)/2 as a reasonable 
estimate of where u^ is lilaJy to occur. Thus is derived EqiL(7), assnmingj/(v) is 
as set out in Eqn,(8) and/(v) and/Xv) are as out in Eqn,(9) and Eqn.(10) 
respectively. Further, tiiis enables j/(u) to be rewritten as in Eqn.(l 1). 

From Eqn,(ll),^u) can be diferentiated once and the explosion equated 
to zero, to obtain a stationary point, thus following the Ecpi.3(l2} to obtain a value 
foru^. If fins value of u^tt is less than C then Case I exists, Thenitis 
permissible to set v = C since that is where the maxmiumj(u) occurs^ Then a 
second order Taylor's series expansion is performed about v - C, AH of the 
necessary equations have been established, so it is only necessary to set v C in 
the simulator whenu„ is less fiian C, so as to obtain an j^roximate second order 
expansion of /(u) about C. 



If 1]^ is betweea C and 1, Case 2 exists. In condition, it is only 
necessary to set v - Uqux ^tibe stnxolator, so as to obtain aa approximate second 
order ejipansioa Of JTa) aSwatu^. Here, of course, v » is no longer assumed 
tobeequalto(C+l)/2. 

Ifu^ ifi more Qian 1, Case 3 exists. In tiliis condition, it is only necessary 
to set V » 1 in tbe simulator, so as to obtain an approjuma^ second order 
expansion ofJtu) about L 

With the appropriate value of v detercrined, Eqcu(ll) is simplified to lead to 
Eqn.(13), where A/, A/7 and AIU are as set out in Eqn,(14), Eqn,(15) and 
Eqii.(16) respectively. 

Completing the square on E(pi.(13) leads to Eqn.{17) and substituting 
Eqn.(17) into Eqn.(5) gives E<jn.(I8)- Next a value for / is assigned according to 
Eqn*{19} and for and when u -C and u 1 according to Eqn.(20) and 
Eqn.(21) respectively. The value of is as shown by Eqn, (22). 

Substitution of Eqn,s<19-22) in to Eqn.(18) leads to Eqn.(23). However, 
Eqn.(24) is Icnown and a rational aH>roximation (hereof gives the function eif^x) as 
set out in Eqn.(25) with the values of/, aj, a^, a^, a, andp as shown. 

From Eqn.(24) is finally derived flie approximated tunnelling integral 
according to the method of this embodiment of the present inventioti and as shown 
in Eqn.(26), with the values for A/. A/7, Afl7, t^, «;,.;iv)./(v),/"(v), A. B, C, and 
D as shown. The values of v noted above for Casel, 2 and 3 are also listed for 
Eqn.(2QasisUattforv-(C+l)i2. Of<:»urse,Ua«i5S^^^ * 
determine which of Cas^ 1, 2 and 3 apply. 

An additional term Should be i^spectively added or subtracted 
as shown in Eqn,(27>, if (/„>0 & fi<0) or (?„<0 & t,>Ol 

The present invention enables a commercial and practicable inqjlementation 
of an automated simulation method for determining enhanced gei^tion 
recombination rate due to trap-to-tand tunnelling in a semiconductor device using 
the Diraccoulombic tunnelling integral. Moreover, the present invention can 
provide high levels of accuracy in the automated modeHing of the enhanced 
generation-recombination rate due to trap-to-band tumielluig in a semiconductor 



device. Thexnedu>dcanbein$len]e&tedinat^^ 
package. 

The present invention uses the characteristics of low, moderate and Mgb 
field regions with a Taylor's series expansion and a reduction to one or more error 
inncdons. Rational approximations are ^lied to the error functions so as to 
provide reduction to simple exponential iimctions. The metod enables cancelling of 
higher order terms in the exponential functions which otherwise cause premature 
overQow errors* This enables a much wider range to be calculated, as shown in 
figures. 

The method of the invendon enables the easy jpplication of proper 
integration limits so as to ensure a smoth transition between low, moderate and 
high fields. The effect of removing discontinuifies between the low, moderate and 
high fi^ld regions by avoiding conventional sinq)lifications of the integration limits 
is illustrated in figure 6. 

Figure 7 illustrates actual results of an implemention of the present 
invention for an n-channel polysilicon TFT as compared with the standard SRH 
modd (no fieMenhancanect) and the 1992 model by Hurkx era/, Ilisalsotobe 
noted that the implementation of the present invention more accurately simnltes the 
leakage ctnrent at low field vahies (see figure 8 at Vns = O.IV). 



Claims 



1. An autOEOated simulation method fox detenniasing enhanced generation 
recombination rate due to tr25>-to*band tunnelling in a semiconductor device using 
the Dirac coulombic tunnelling integral, comprising the st^s Of: 

assigning flje variable C to the ratio of the Poole-Frenfcel barrier lowering 
energy (AEq) divided by the energy range for which tunnelling can occur (AEn); 

assigning the value (C+l)/2 to a variable v and perfonning a second ordex 
Taylor's series expansion of the Dirac coulombic tunnelling integral around v to 
determine a jnaxhnnm value (Uaax) for the variable u of the integral; 

determining if tiiie value for is less than C, is between C and 1 or is 
more than 1; 

assigning the value of C to the variable v if u^ is less than C; 

assigning flie value of u„ to the variable v if Ub»j is betwem C and 1; 

assigningthe value of 1 to the variable v if Uresis more than 1; . . 

reducing the Taylor's series e^qiansion of the Dirac coulombic tunnelimg 
integral to an error function; 

reducing the mot function to simple exponential functions by applying 
rational approximations to the error function; and 

calculating the enhanced generation recombination rate due to tr^-to^and 
tunnelling in a semiconductor device using the said simple exponential functions. ' 

2s An automated sunulation metiiod whicb determines enhanced generation 
reconibination rate due to tn$>-to-band tunnelling in a semicondu^r device using 
the ^roximated tunnelling equation set out as equation 26 herein. 

3. An automated simulation method which determines enhanced generation 
rec om bination rate due to trap-to-band tunnelling in a semiconductor device using 
tiie approximated tunnellrng equation set out as equation 27 hereixt. 
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4. A simulator a& clainied in any one of daiiss 1 to 3 which determines tbe 
leakage current in a pdysiUcon Tim Film Transistor. 

5 • A simulator for determining enhanced generation recombination rate due to 
trap-to-band tunnelling in a $^conductor device using the Dirac coulombic 
tunnelling integral, comprising: 

means storing a variable C having a value equal to the ratio of the Poole- 
Frenkel barrier lowering energy (AE^p divided by the energy range for which 
tunnelling can occur i^E^i 

means which assign the value (C4-l)/2 to a variable v and perform a second 
order Taylor*s series mansion of the Dirac coulombic tunnelling integral around v 
to determine a maximum value (UgsJ for fhe variable u of the integi^; 

means which determine if the value for is less than C, is between C and 
1 or is more than 1; 

means whidi assign the value of C to the variable v if u^ is less than C; 

means which assign the value, of u^ to the variable v if u^ is between C 

and 1; 

means which assign the value of 1 to the variable v if u^niot <^ 1; 

means storing simple exponential functions derived from applying rational 
approxLoQiations to an error fiinction obtained by reducing tbe Taylor's series 
expansion of the Dirac coulombic famnelling integral; and 

means which calculate the enhanced generation recombination rate due to 
tr^to-band tunnelling in a semiconductor device ushig the said simple escponential 
junctions- 

6. A simulator which determines enhanced generation recombination rale doe 
to trap-to-band tunnelling in a semiconductor device conq>rising means which 
calculate die approximated tunnelling equation set out as equation 26 herem. 

7. A simulator which determines oibanced generation recombination rate due 
to trap-to-basd tumielling in a senucondw^ device con^rising means which 
calculate the ^roximated tunnelling equation set out as equation 27 herein. 



8. AsimulatorasclaiffledtaanyOTeofdaims5to7wMc^ 
leakage corrent in a polysflicon Thin Film UsBsisax. 
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AlTstract 



An automated simuladim method for detenniiung the enhanced generatiozi- 
recombinatioii rate due to trap-to-band tmrneSing in a semiconductor device using 
the Dirac coulombic tunnelling integral and to a simulator for carrying out the 
method are disclosed. The method and simulator arc, for exan^le, particularly 
useful in tibe modelling of characteristics such as leakage cunent in polysilicon 
TFTs, which leakage current can^ for exatrple, seriously degrade pixel voltage in 
active matrix display devices. The sfanulaior embodies the method, which method 
conQmses the steps of; assigning the variable C to the ratio of the Poole-Frenkel 
barrier lowering energy (AE^ divided by the energy range for which tunnelling 
can occur (AEj); assigning the value <C+1)/Z to a variable v and performing a 
second order Taylor*s series expansion of the Dirac coulombic tunnelling integral 
around v to determine a maximum vahie ifx^ {or the variable u of the integral; 
determining if the value for u^ is less than C, is between C ai»i 1 or is more than 
1; assigning the vahie of C to the variable v t^vl^ is less than C; assigning the • 
value of Ubbk ^ the variable v if Una^ is between C and 1; assigning die vahie of 1 to 
the variable v if is more than 1; redudng the Taylor's series oqpansion of the 
Dirac coulombic tunnelling integral to an error function; reducing the eixor 
function to simple ^onential functions by applying rational approximations to the 
error function; and calculating ttie enhanced generation recombination rate due to 
trap-to-band tunnelling in a semiconductor de\dce usmg the said simple exponential 
functions. 
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f{u) = Au-Bu'^+D» *. 

/(«) /(V) + /'(vX" - v) +/^Cb - v)'- . 

i -1 
/(v) = ^v-.£vi +Z)v"«, 

^ 2 6 



(5) 

a) 

(8) 
(9) 
(10) 



/(,o=z:;i)^«^-^[r(v)-v/-(v)}/4-[v^^-vr(v)^/(v) 



(H) 



(24) 



' 



e)/(x)= l-(aif +ajr +03*' +a/ +^5^') > 



1 + 



8i«=0.254829S92; 

as=^.2S4496736; 

33=1.421413741; 

a4=-1.433132027; 

a}=l .061405429; 

p^.32759ll; 



(25) 



^ -liAiy^^PhY ^^pt^f (i-/''.y (i^p'i) (i*i'^'>>' 



^ \ \ ^ ' ^ J ^, 



(26) 



^/ = -l/-(v)-^"{v)l, X/// = -[v-^-v^-(v)^/(v) 
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kT AE„ 
v = C(&rtt««<C, easel), 
V = aarco: (fer C<itmaz<l, casc 2), 
v = /(for I, cases), 

^/'(v)-vr-(v)f^^,,c£i 

™ /"(v) 2 
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DECLARATION AND POWER OF ATTORNEY 
UNDER 35 use §371(c)(^ FOR 
per APPLICATION FOR UNITED STATES PATENT 

As a below named inventor, I bcrelQr^lanftat: 

my residence, post office addrftss aad citizenship are as stated below under toy jmnt; 

I verily believe I am the ong^oal, &st and so!e Inventor ^on^ one vmt 1$ listed below) or an ori^Kd, £nt 
and joint inventor <if plural names m listed below) of the sablect uasttr yMcii is claimed and ftxr v^hidh a patent is 
aoij^ght; namely Reinvention entitled: - SeTnlconduetoT . Device Sxroulatipn. Method and . • v' 
' Siprulator ' ' 

described and claomcd in international application number filed . 

I have reviewed and understand ibe contents of the above-identified specification, including fte ol^nis^ as 
amended by any amendment referred to above. 

I acknowtedgo the ditty to disclose to tiu OfQce all infonnaiion knovvn to me to be material to pateatabiH^ as 
defined in Tide 37, Code of Federal Regulations §1.5*. 

Under Title 35, US, Code f 1 19, Ae priori^ benafite of the foUowmg fweign «ppHcadon(s) filed by me or my 
le^ representatives Or assigtis within one year prior to xtsy international application are heretiy claimed: 

/ 

The follov^£ applicatica(9} for patent Or inventot's certificate on Ibis mvention were filed m countries fbra^ 
to the United States of America ctlher (a} more fiian one ym prior m my insemationsl ^licatJon, or (b) before Ihe fiUng 
date of l^e abov&named ^are^ priori^ ^7plicadon(s): 



I hereby appoint the fallowing as ray attom^ of record vnth &11 power of snbsiitiidon nnd zevoeation to 
prosectite Ais i^plkation and to transact an business in the Patent Ofi^ 

. James A. OUf^ Heg. No. 27,07^; \)^nam P. ISerridge^ Ite& No. 
• - ^ 'Kii^kM.HudsOn}R^ No. 27,56^ nomas J. Pardinf,Eeg.N^ . • . : 

Edwaiti F. \Vall»r, Re^ No.31,450; Robert A. MiQiv, Kfi^ 
^ Mario A. Co$tantitto, Reg. No, 33^; Stephtti X Roe, Reg. No. 34.463; 

Joel & Airnstrongi Rfi& No« 36^S Christopher W. Brora, Reg, NCtc^^ 
Kdiard Mce, Reg. No. 31^. 

ALL CORRESPONDENCE IN CONNECTION WITH TOIS APPHCATION SHOULD BE SENT TO PUFF & 
BERRIEKjE . PLC> F.O. BOX 1 9928. Al^EXANDRIA. V I RGINIA 22320> T ELEPHONE 0703) a36-6400. 

I hereby declare that I have reviewed and undnstand the contents of this Deelarafi on, and that all statements 
made herein of own knowledge are true aod that all statements made on in&rmatioo ^ 

and further that these statements were made with the knowledge that ^UM false statements and Ibft Wat so node are 
punl^iable 1^ fine or imprisonntect^ cmt bo^ under Section lOOl of Title 18 of the United States Code and that $tjch 
willful ^dse statements may jeopardize the validity of the ^Ucation or any patent issued thereon. 

1 * T^pemi&enF^Ntam Basil- ' ' -r - — " lui 

ofSole or First Jnwuor. 



2 Inventor's Signature 

3 Pate of Kgnatnrc 







Middle Initial 


FamHy Namcr. . ^ , 











Month Day Year . 

Residence: Cauibrldge, Great Britain C^T^Kl 



— .: — ^..-A^ v.^CS^ State or ProwBoce Country 
Cltizeoship: British 



Post 0&:e Address: 8g gjjiye Pararfg . , 

(Insert complete mailing » 

address, including counny) Cambridge, Great Britain 

Note to Inventor: Please sign name on Gne 2 exaef^ as it appears in line 1 and insert the actual date of awning on 
*Ene3. „ 



